Introduction
In cases of cervical degenerative disc disease and spondylosis, the conservative treatment is called for in patients with a brief clinical history and the absence of neurological symptoms. Whenever surgery is indicated, the gold standard is discectomy and interbody fusion, a technique used since the late 1950s, which has a high rate of fusion and an excellent clinical outcome [1] . Recently, a technique was developed that replaces the disc with a prosthesis; the goal is to spare the motion and, in this way, to avoid the overloading of adjacent segments [2] .
The purpose of this retrospective analysis is to determine if disc prosthesis replacement can be an equivalent or superior solution compared with the classical interbody fusion.
Materials and methods
Between January, 2005 and June, 2011 we performed microdiscetomy by the anterior approach on 176 patients with cervico-brachial pain or myelopathy due to cervical herniated disc or spondylosis. We subdivided the total set of patients into two groups on the basis of the type of reconstruction.
Group A is made up of 84 patients (42 females and 42 males) in whom the prosthetic disc was implanted. In 31 cases, we used Bryan prosthesis (Bryan Ò Medtronic Sofamor Danek USA, Inc.) and in 53 cases we used a Discover prosthesis (Discover Ò DePuy Spine, Inc.). In 80 cases, 1 disc was substituted and in 4 cases 2 discs were substituted, giving a total of 88 disc replacements. In 91 % of replacements the operation involved C6-C7 (n = 42) or C5-C6 (n = 38). Group B is made up of 92 patients (41 females and 51 males) in whom disc fusion was performed. In 64 cases, we used a heterologous bone graft (Unilab Surgibone Ò Unilab Surgibone, Inc.) and plate (Atlantis plate, Medtronic Sofamor Danek USA, Inc.) and in 28 cases we used interbody fusion cages in polyetheretherketone (PEEK) pre-filled with bone substitute tricalcium phosphate. In 71 cases 1 disc was substituted, in 20 cases 2 discs were substituted, and in 1 case 3 contiguous discs were substituted, giving a total 114 discs treated. In 75 % of treated discs the operation involved C5-C6 (n = 50) or C6-C7 (n = 35).
Group A is comprised of patients with median age of 42 years (range 25-60); the pre-operative neurological exams showed signs of radiculopathy in 71 cases, myelopathy in 5 cases, radiculopathy and myelopathy in 5 cases.
Group B is comprised of patients with median age of 51 years (range 26-79); the pre-operative neurological exams showed signs of radiculopathy in 51 cases, myelopathy in 32 cases, radiculopathy and myelopathy in 7 cases.
Social characteristics were also evaluated, including cigarette smoking. All the patients were evaluated at discharge and then at 3 months and 1 year after the operation; for the purpose of the present study they were invited to undergo an additional examination. The evaluation was clinical [Neck Disability Index (NDI) and the Visual Analogue Scale (VAS)] and radiological (standard X-ray at discharge; dynamic X-ray at 3 months and 1 year). Only one surgeon judged the X-ray results.
Statistical methods
Statistical comparisons were primarily based on the observed and recorded follow-up data.
Continuous data were expressed as mean ± SD, categorical variables as percentage. Differences between groups were assessed using t test or Mann-Whitney test, depending on the distribution of the parameter; to compare categorical variables Chi square test or Fisher's exact test analyses were used.
To assess effects for the entire 12-month follow-up period, linear generalized estimating equation (GEE) regression models were designed specifically to control for repeated within-subject measurements. The 95 % confidence intervals (CIs) around the GEE parameters and the corresponding p values were also computed. Statistical significance was defined as p value \0.05. Analyses were performed using STATA statistical software, version 9.2 (Stata Corp.).
Results
The two groups were demographically different by age: Group A was significantly younger (p value \0.001); furthermore, in Group B 18 patients were not working (retired or disabled) at the time of the operation whereas in the Group A, all the patients were actively working. The two groups did not show any differences either in gender distribution or in the frequency of addiction to smoking.
The two groups differed from a clinical perspective in as much as Group B contained a significantly greater number of patients with signs of myelopathy (p value \0.001).
Neurological success
In both groups, the improvement in radicular pain was marked. In Group A, 74 patients had pre-operative signs of radiculopathy (n = 69) or radiculopathy and myelopathy (n = 5); after surgery 66 patients had a complete resolution of symptoms (89 %) and 8 patients had mild radiculopathy (11 %) (Fig. 1) . In Group B, 57 patients had pre-operative signs of radiculopathy (n = 50) or radiculopathy and myelopathy (n = 7); after surgery 49 patients had a complete resolution of symptoms (86 %) and 8 patients had mild radiculopathy (14 %) (Fig. 2) . Fig. 1 Clinical results in regard of radiculopathy in Group A; after surgery 66 patients had a complete resolution of symptoms (89 %) and 8 patients had mild radiculopathy (11 %) In both groups, the improvement of signs of myelopathy was significant. In Group A, ten patients had pre-operative signs of myelopathy with or without radiculopathy; after surgery eight patients had a complete disappearance of signs of myelopathy (80 %) and two patients had partial regression (2 %) (Fig. 3) . In Group B, 39 patients had preoperative signs of myelopathy with or without radiculopathy; after surgery 20 patients had a complete disappearance of signs of myelopathy (51 %), 17 patients had partial regression of signs (44 %) and two patients had an unchanged clinical exam (5 %) (Fig. 4) .
None got worse.
Neck disability index and visual analogue scale
In both Groups, there was a reduction in NDI and VAS scores at 3 months compared with pre-operative values (NDI and VAS p value \0.001); the values improved slightly at the 12-month evaluation (Figs. 5, 6 ).
Comparing the two Groups, at 3 months there was no significant difference in the scores but at 12 months Group A showed a significantly better NDI score (p value\0.043) (Fig. 5) .
Days of hospitalization
The patients of Group A required fewer days of hospitalization, a median of 4.6 ± 1.7 days vs. 6.5 ± 3.8 days for Group B patients (Fig. 7) . The difference is significant (p value \0.001).
Return to work
The patients of Group A were able to resume work sooner, after a median of 63.8 ± 81.7 days vs. 82.2 ± 64.5 days for Group B patients (Fig. 8) . The difference is significant (p value \0.043).
Complications
In Group A, two patients (2.4 %) had dysphagia; two patients (2.4 %) required a second operation because of the pull-out of the prosthesis.
In Group B, four patients (4.3 %) had dysphagia; five patients (5.4 %) required a second operation because of the pull-out of the screws or nonfusion. The reoperation rate for the two groups was not significantly different.
Discussion
Cervical arthroplasty has been shown to yield significantly superior outcomes compared with cervical fusion after 4 years of follow-up; the mean range of motion was preserved at 2 and 4 years [3] . On the basis of this multicentric study, a new standard to treat the disease of intervertebral discs was proposed. The indications for cervical arthroplasty are still being evaluated. Our use of the prosthesis is generally reserved for the younger adult population, where the posterior joints function well, with hernia or degenerated disc, and persistence of symptoms and failure of nonoperative therapy for a minimum of 6 weeks.
Cervical arthroplasty has the potential to restore joint mechanics and therefore to improve function. Moreover, it recreates foraminal height and as such can relieve radicular pain. By this last measure, the outcome is similar to fusion. In fact, in the present analysis the clinical results of the two groups are similar. Our results therefore confirm the literature, where rates of neurologic success are similar for both treatment groups [3] [4] [5] .
Sasso et al. [3] observed that in both the arthroplasty and fusion groups, the NDI and VAS score at 3 months decreased significantly. Our data support the same conclusion: in both Groups there was a reduction in NDI and VAS scores at 3 months compared with pre-operative values. The prosthesis group showed better NDI and VAS scores, however, the difference did not reach statistical significance. By 12 months, both groups showed a trend of further improvement; at this time the prosthesis patients (Group A) showed a significantly better NDI score (Fig. 1) .
In our analysis, the patients treated with the prosthesis were hospitalized for a significantly shorter period than the patients treated with fusion. In general, hospital length of stay following anterior cervical discectomy and fusion is related to the presence of clinical signs of myelopathy, multilevel decompression and comorbidity, in particular, cardiovascular disease, hypertension, pulmonary disease, and diabetes [6] .
It is common to immobilize patients with collar and restrict activities after an intervention of interbody fusion. This is done to avoid the failure of instrumentation and to obtain the fusion but leads to weakening of neck muscles. When the surgery is disc replacement with a prosthesis, patients do not wear a collar, are discharged from the hospital after a shorter stay, and are allowed to return to normal activities sooner than the patients with a fusion. In our analysis, patients with total disc replacement returned to work significantly earlier than did patients with fusion.
In an earlier study, disc replacement patients were more likely than fusion patients to be working at 6 weeks after surgery [3] . In two additional studies, patients with total disc replacement returned to work 13 and 16 days earlier than those with fusion [4, 7] . Likewise, it was reported that 3 months after surgery a greater percentage of patient treated with the prosthesis returned to work [4] . Despite the earlier return to work, there were no increases in adverse events. This final observation indicates that an earlier return to work is not a risk factor.
By preserving motion, the use of the prosthesis can protect the adjacent segments from unfavourable loading and can maintain range of motion. We attribute the better functional level of the prosthesis patients (measured by NDI) to these factors. The results of a prospective randomized multicenter study in which the outcomes of cervical disc replacement were compared with fusion at single level, showed that the prosthesis maintained physiological segmental motion at 24 months after surgery. The same group of investigators showed better neurological success and clinical outcomes in patients with a prosthesis [8] . Pickett et al. showed that cervical arthroplasty with Bryan prosthesis leads to early and late post-operative kyphosis, but this is not correlated to the clinical results. The prosthesis preserves motion of the functional spinal unit, but also the range of motion and the overall sagittal balance of the cervical spine [2-4, 7, 9] .
Adjacent segment degeneration is defined as radiographic changes not associated with symptoms; in contrast, adjacent segment disease is associated with radicular pain or myelopathy. Fusion is associated with adjacent segment degeneration [10] . In one study, the measured motion in the adjacent segment after a simulated fusion was increased up to 40 % and the calculated bending moment to achieve similar overall displacement was increased twofold or threefold [11] . In a group of 374 patients, Hilibrand et al. [12] found that, after anterior decompression and interbody fusion, more than 2.9 % per year of adjacent intervertebral discs degenerated and the patients experienced recurrent radiculopathy or myelopathy. The cumulative rate was 25 % across a 10-year period and two-thirds of these required additional surgery.
Dislocation and mechanical failures of total disc replacements are rare. We observed two cases, one at 1 week after surgery at and one at 22 months after surgery. Both were reoperated, the prosthesis removed, and a fusion performed. Goffin et al. [5] reported one patient who had 2 mm of anterior displacement of Bryan prosthesis without clinical consequences. This occurred secondary to incomplete milling of endplate concavities. Nuclear replacements have had higher incidences of dislodgement through the portals used for insertion. Picket et al. reported one prosthesis migration. In our own analysis, consistent with other authors [3] [4] [5] , the overall rate of reoperation in both the arthroplasty and fusion groups showed no significant difference.
Some questions remain open. When we re-evaluated the prosthesis patients some years later, we observed paravertebral ossification (statistics not yet compiled). Fusion around a cervical Bryan disc prosthesis is described in a case report [13] and in other series [3, 14, 15] . This is classified as a complication even though it is usually not symptomatic. Factors that may be associated with this phenomenon are not completely understood and might be related to implantation techniques, pre-existing spondylosis with loss of disc height, or multilevel disease. The paravertebral ossifications found in about 30 % of patients have responded to early treatment with a 2-week course of nonsteroidal antinflammatory drugs; their clinical outcomes were not affected by heterotopic ossification [16] .
Another open question is the adjacent disc disease: is this a consequence of natural ageing or pathology related to previous surgery? The available literature indicates that adjacent segment disease is affected by both natural history and the biomechanical stress of fusion. In 34 % of asymptomatic patients with normal findings on baseline cervical X-ray, radiographically confirmed degenerative disc disease had developed when they were re-evaluated 10 years later. In the same study, 97 % of patients with pre-existing disc degeneration showed progression 10 years later [17] . Since the history of prostheses in large patient groups is recent, it is not yet possible to determine whether it can prevent the degeneration of adjacent intervertebral space. This will require further analysis.
Conclusions
Our experience demonstrates that the use of disc prosthesis is a safe and effective alternative to interbody fusion in the treatment of degenerative cervical disc disease and spondylosis. The radicular pain disappeared and the signs of spinal cord compression improved or remained stable. The patients treated with the prosthesis required significantly fewer days of hospitalization and shorter absence from work, and had significantly lower scores in the NDI at 12 months compared to the patients treated with interbody fusion.
As for any device, longer-term follow-up is necessary for assessment of potential problems such as heterotopic ossification around the prosthesis, and to confirm the premise that motion preservation prevents adjacent segment degeneration.
